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(57) Radiating elements include a first and second
dipole arms that extend along a first axis and that are
configured to transmit RF signals in a first frequency
band. The first dipole arm is configured to be more trans-
parent to RF signals in a second frequency band than it

is to RF signals in a third frequency band, and the second
dipole arm is configured to be more transparent to RF
signals in the third frequency band than it is to RF signals
in the second frequency band. Related base station an-
tennas are also provided.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claim priority under 35
U.S.C. § 119 to Chinese Patent Application Serial No.
201810971466.4, filed August 24, 2018, the entire con-
tent of which is incorporated herein by reference.

BACKGROUND

[0002] The present invention generally relates to radio
communications and, more particularly, to base station
antennas for cellular communications systems.
[0003] Cellular communications systems are well
known in the art. In a cellular communications system, a
geographic area is divided into a series of regions that
are referred to as "cells" which are served by respective
base stations. The base station may include one or more
antennas that are configured to provide two-way radio
frequency ("RF") communications with mobile subscrib-
ers that are within the cell served by the base station. In
many cases, each base station is divided into "sectors."
In one common configuration, a hexagonally shaped cell
is divided into three 120° sectors in the azimuth plane,
and each sector is served by one or more base station
antennas that have an azimuth Half Power Beamwidth
(HPBW) of approximately 65°. Typically, the base station
antennas are mounted on a tower or other raised struc-
ture, with the radiation patterns (also referred to herein
as "antenna beams") that are generated by the base sta-
tion antennas directed outwardly. Base station antennas
are often implemented as linear or planar phased arrays
of radiating elements.
[0004] In order to accommodate the increasing volume
of cellular communications, cellular operators have add-
ed cellular service in a variety of new frequency bands.
While in some cases it is possible to use a single linear
array of so-called "wide-band" or "ultra wide-band" radi-
ating elements to provide service in multiple frequency
bands, in other cases it is necessary to use different linear
arrays (or planar arrays) of radiating elements to support
service in the different frequency bands.
[0005] As the number of frequency bands has prolifer-
ated, and increased sectorization has become more
common (e.g., dividing a cell into six, nine or even twelve
sectors), the number of base station antennas deployed
at a typical base station has increased significantly. How-
ever, due to, for example, local zoning ordinances and/or
weight and wind loading constraints for the antenna tow-
ers, there is often a limit as to the number of base station
antennas that can be deployed at a given base station.
In order to increase capacity without further increasing
the number of base station antennas, so-called multi-
band base station antennas have been introduced which
include multiple linear arrays of radiating elements. One
common multi-band base station antenna design in-
cludes one linear array of "low-band" radiating elements

that are used to provide service in some or all of the
694-960 MHz frequency band and two linear arrays of
"mid-band" radiating elements that are used to provide
service in some or all of the 1427-2690 MHz frequency
band. These linear arrays are mounted in side-by-side
fashion. Another known multi-band base station antenna
includes two linear arrays of low-band radiating elements
and two linear arrays of mid-band radiating elements.
There is also interest in deploying base station antennas
that includes one or more linear arrays of "high-band"
radiating elements that operate in higher frequency
bands, such as the 3.3-4.2 GHz frequency band.

SUMMARY

[0006] Pursuant to embodiments of the present inven-
tion, radiating elements are provided that include first and
second dipole arms that extend along a first axis and that
are configured to transmit RF signals in a first frequency
band. The first dipole arm is configured to be more trans-
parent to RF signals in a second frequency band than it
is to RF signals in a third frequency band, and the second
dipole arm is configured to be more transparent to RF
signals in the third frequency band than it is to RF signals
in the second frequency band.
[0007] In some embodiments, each of the first and sec-
ond dipole arms includes a plurality of widened sections
that are connected by intervening narrowed sections.
The second dipole arm may have more widened sections
than does the first dipole arm. An average electrical dis-
tance between adjacent narrowed sections of the second
dipole arm may be less than an average electrical dis-
tance between adjacent narrowed sections of the first
dipole arm. An average length of the widened sections
of the second dipole arm is less than an average length
of the widened sections of the first dipole arm. The nar-
rowed sections of the first dipole arm may be configured
to create a high impedance for RF signals that are in the
second frequency band, and the narrowed sections of
the second dipole arm may be configured to create a high
impedance for RF signals that are in the third frequency
band.
[0008] In some embodiments, the radiating element
may be a dual polarized radiating element. In such em-
bodiments, the first dipole arm and the second dipole
arm may together form a first dipole, and the radiating
element may further include a second dipole that extends
along a second axis and that is configured to transmit RF
signals in the first frequency band, the second dipole in-
cluding a third dipole arm and a fourth dipole arm and
the second axis being generally perpendicular to the first
axis. In such embodiments, the third dipole arm may be
configured to be more transparent to RF signals in the
second frequency band than it is to RF signals in the third
frequency band, and the fourth dipole arm may be con-
figured to be more transparent to RF signals in the third
frequency band than it is to RF signals in the second
frequency band. The first and second dipoles may be
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center-fed from a common RF transmission line. The ra-
diating element may further comprise at least one feed
stalk that extends generally perpendicular to a plane de-
fined by the first and second dipoles.
[0009] The radiating elements according to these em-
bodiments of the present invention may be mounted on
a base station antenna as part of a first linear array of
radiating elements that are configured to transmit RF sig-
nals in the first frequency band. The base station antenna
may further include a second linear array of radiating
elements that are configured to transmit RF signals in
the second frequency band and a third linear array of
radiating elements that are configured to transmit RF sig-
nals in the third frequency band. The first linear array
may be mounted between the second linear array and
the third linear array so that the first and third dipole arms
project toward the second linear array and the second
and fourth dipole arms project toward the third linear ar-
ray. In some cases, the first dipole arm may vertically
overlap one of the radiating elements in the second linear
array of radiating elements and/or the second dipole arm
may vertically overlap one of the radiating elements in
the third linear array of radiating elements. In embodi-
ments where the radiating element is a dual-polarized
radiating element, each of the first through fourth dipoles
arms may include first and second spaced-apart conduc-
tive segments that together form a generally oval shape.
In some embodiments, an electrical length of second di-
pole arm is less than an electrical length of the first dipole
arm.
[0010] Pursuant to further embodiments of the present
invention, dual-polarized radiating elements are provide
that include (1) a first dipole that extends along a first
axis and that is configured to transmit RF signals in a first
frequency band, the first dipole including a first dipole
arm and a second dipole arm and (2) a second dipole
that extends along a second axis and that is configured
to transmit RF signals in the first frequency band, the
second dipole including a third dipole arm and a fourth
dipole arm, and the second axis being generally perpen-
dicular to the first axis. Each of the first through fourth
dipole arms includes a plurality of widened sections that
are connected by intervening narrowed sections, and the
second dipole arm includes more widened sections than
does the first dipole arm.
[0011] In some embodiments, the second dipole arm
may have at least 50% more widened sections than does
the first dipole arm. In other embodiments, the second
dipole arm may have at least twice as many widened
sections than does the first dipole arm. The first dipole
arm and the third dipole arm may have the same number
of widened sections. At least some of the narrowed sec-
tions may comprise meandered conductive traces. Each
of the first through fourth dipoles arms may have first and
second spaced-apart conductive segments that together
form a generally oval shape.
[0012] Pursuant to still further embodiments of the
present invention, base station antennas are provided

that include a first linear array of dual-polarized low-band
radiating elements that are configured to transmit RF sig-
nals in a first frequency band, a second linear array of
mid-band radiating elements that are configured to trans-
mit RF signals in a second frequency band and a third
linear array of high-band radiating elements that are con-
figured to transmit RF signals in a third frequency band.
The first linear array of dual-polarized low-band radiating
elements is positioned between the second linear array
of mid-band radiating elements and the third linear array
of high-band radiating elements. Each low-band radiat-
ing element includes a first dipole having first and second
dipole arms that extend along a first axis and a second
dipole having third and fourth dipole arms that extend
along a second axis. The first dipole arm vertically over-
laps one of the radiating elements in the second linear
array of mid-band radiating elements.
[0013] In some embodiments, the second dipole arm
may vertically overlap one of the radiating elements in
the third linear array of high-band radiating elements.
[0014] In some embodiments, an electrical length of
the first dipole arm exceeds an electrical length of the
second dipole arm by at least 3 percent. In other embod-
iments, an electrical length of the first dipole arm may
exceed an electrical length of the second dipole arm by
5% to 15%.
[0015] In some embodiments, each of the first through
fourth dipole arms each include a plurality of widened
sections that are connected by intervening narrowed sec-
tions. The second dipole arm may have more widened
sections than does the first dipole arm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a perspective view of a base station antenna
according to embodiments of the present invention.
FIG. 2 is a perspective view of the base station an-
tenna of FIG. 1 with the radome removed.
FIG. 3 is a front view of the base station antenna of
FIG. 1 with the radome removed.
FIG. 4 is a cross-sectional view of the base station
antenna of FIG. 1 with the radome removed.
FIG. 5 is an enlarged perspective view of one of the
low-band radiating elements of the base station an-
tenna of FIGS. 1-4.
FIG. 6 is an enlarged plan view of one of the low-
band radiating elements of the base station antenna
of FIGS. 1-4.
FIG. 7 is a perspective view of a low-band radiating
element according to further embodiments of the
present invention.

DETAILED DESCRIPTION

[0017] Embodiments of the present invention relate
generally to radiating elements for a multi-band base sta-
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tion antenna and to related base station antennas. The
multi-band base station antennas according to embodi-
ments of the present invention may support three or more
major air-interface standards in three or more cellular
frequency bands and allow wireless operators to reduce
the number of antennas deployed at base stations, low-
ering tower leasing costs while increasing speed to mar-
ket capability.
[0018] A challenge in the design of multi-band base
station antennas is reducing the effect of scattering of
the RF signals at one frequency band by the radiating
elements of other frequency bands. Scattering is unde-
sirable as it may affect the shape of the antenna beam
in both the azimuth and elevation planes, and the effects
may vary significantly with frequency, which may make
it hard to compensate for these effects. Moreover, at least
in the azimuth plane, scattering tends to impact the
beamwidth, beam shape, pointing angle, gain and front-
to-back ratio in undesirable ways. The radiating elements
according to certain embodiments of the present inven-
tion may be designed to have reduced impact on the
antenna pattern of closely located radiating elements that
transmit and receive signals in two other frequency bands
(i.e., reduced scattering).
[0019] Pursuant to embodiments of the present inven-
tion, multi-band base station antennas are provided that
have linear arrays of first, second and third radiating el-
ements that transmit and receive signals in respective
first, second and third different frequency bands. Each
first radiating element may be a broadband decoupling
radiating element that has a dipole with a first dipole arm
that is substantially transparent to RF energy in the sec-
ond frequency band, and a second dipole arm that is
substantially transparent to RF energy in the third fre-
quency band. By providing dipoles having first and sec-
ond dipole arms that are transparent to RF energy in two
different frequency bands it is possible to closely position
the second radiating elements that operate in the second
frequency band on one side of the first radiating elements
and to closely position the third radiating elements that
operate in the third frequency band on the other side of
the first radiating elements without the first radiating el-
ements materially impacting the antenna patterns formed
by the linear arrays of second and third radiating ele-
ments.
[0020] In an example embodiment, a multi-band base
station antenna is provided that includes a first linear ar-
ray of low-band radiating elements, a second linear array
of mid-band radiating elements and a third linear array
of high-band radiating elements. The first linear array of
low-band radiating elements may be positioned between
the second linear array of mid-band radiating elements
and the third linear array of high-band radiating elements.
The low-band radiating elements may be dual polarized
cross-dipole radiating elements that include first and sec-
ond dipoles, each of which has first and second dipole
arms. The first dipole arm of each low-band radiating
element may be designed to be substantially transparent

to the RF energy transmitted by the mid-band radiating
elements, while the second dipole arm of each low-band
radiating element may be designed to be substantially
transparent to the RF energy transmitted by the high-
band radiating elements. Since the first dipole arms of
each low-band radiating element are substantially trans-
parent to mid-band RF energy, the first dipole arms may
project towards (and potentially over) respective ones of
the mid-band radiating elements. Likewise, since the sec-
ond dipole arms of each low-band radiating element are
substantially transparent to high-band RF energy, the
second dipole arms may project towards (and potentially
over) respective ones of the high-band radiating ele-
ments. Thus, the low-band radiating elements may allow
the linear arrays to be more closely spaced together, re-
ducing the width of the antenna, without degrading RF
performance.
[0021] In some embodiments of the present invention,
radiating elements are provided that include first and sec-
ond dipole arms that extend along a first axis and that
are configured to transmit RF signals in a first frequency
band. The first dipole arm is configured to be more trans-
parent to RF signals in a second frequency band than it
is to RF signals in a third frequency band, and the second
dipole arm is configured to be more transparent to RF
signals in the third frequency band than it is to RF signals
in the second frequency band. Each of the first and sec-
ond dipole arms may include a plurality of widened sec-
tions that are connected by intervening narrowed sec-
tions. The second dipole arm may have more widened
sections than does the first dipole arm, and/or an average
electrical distance between adjacent narrowed sections
of the second dipole arm may be less than an average
electrical distance between adjacent narrowed sections
of the first dipole arm. An average length of the widened
sections of the second dipole arm may also be less than
an average length of the widened sections of the first
dipole arm. The narrowed sections of the first dipole arm
may be configured to create a high impedance for RF
signals that are in the second frequency band, and the
narrowed sections of the second dipole arm may be con-
figured to create a high impedance for RF signals that
are in the third frequency band.
[0022] In other embodiments, dual-polarized radiating
elements are provide that include (1) a first dipole that
extends along a first axis and that is configured to transmit
RF signals in a first frequency band, the first dipole in-
cluding a first dipole arm and a second dipole arm and
(2) a second dipole that extends along a second axis and
that is configured to transmit RF signals in the first fre-
quency band, the second dipole including a third dipole
arm and a fourth dipole arm. Each of the first through
fourth dipole arms includes a plurality of widened sec-
tions that are connected by intervening narrowed sec-
tions, and the second dipole arm includes more widened
sections than does the first dipole arm.
[0023] According to further embodiments, base station
antennas are provided that include first, second and third
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linear arrays of radiating elements that are configured to
transmit RF signals in respective first, second and third
frequency bands. The first linear array is positioned be-
tween the second and third linear arrays. The radiating
elements in the first linear array each include a first dipole
that has first and second dipole arms that extend along
a first axis and a second dipole that has third and fourth
dipole arms that extend along a second axis, where the
first dipole arm vertically overlaps one of the radiating
elements in the second linear array and/or the second
dipole arm vertically overlaps one of the radiating ele-
ments in the third linear array. An electrical length of the
first dipole arm may be greater than an electrical length
of the second dipole arm.
[0024] Embodiments of the present invention will now
be described in further detail with reference to the at-
tached figures.
[0025] FIGS. 1-4 illustrate a base station antenna 100
according to certain embodiments of the present inven-
tion. In particular, FIG. 1 is a perspective view of the an-
tenna 100, while FIGS. 2-4 are a perspective view, a front
view and cross-sectional view, respectively, of the an-
tenna 100 with the radome thereof removed to illustrate
the antenna assembly 200 of the antenna 100. FIGS. 5-6
are a perspective view and a plan view, respectively, of
one of the low-band radiating elements included in the
base station antenna 100.
[0026] In the description that follows, the antenna 100
will be described as a whole using terms that assume
that the antenna 100 is mounted for use on a tower with
the longitudinal axis of the antenna 100 extending along
a vertical axis and the front surface of the antenna 100
mounted opposite the tower pointing toward the cover-
age area for the antenna 100. In contrast, the antenna
assembly 200 and its constituent individual components
that are depicted in FIGS. 2-6 such as, for example, the
radiating elements, are described using terms that as-
sume that the antenna assembly 200 is mounted on a
horizontal surface with the radiating elements extending
upwardly, which is generally consistent with the orienta-
tion of the antenna assembly depicted in FIGS. 2-4. Thus,
as an example, each radiating element may be described
as extending "above" the reflector of the antenna in the
description that follows, even though when the antenna
100 is mounted for use the radiating elements will in fact
extend forwardly from reflector as opposed to above the
reflector.
[0027] As shown in FIGS. 1-4, the base station antenna
100 is an elongated structure that extends along a lon-
gitudinal axis L. The base station antenna 100 may have
a tubular shape with generally rectangular cross-section.
The antenna 100 includes a radome 110 and a top end
cap 120. In some embodiments, the radome 110 and the
top end cap 120 may comprise a single integral unit,
which may be helpful for waterproofing the antenna 100.
One or more mounting brackets 150 are provided on the
rear side of the antenna 100 which may be used to mount
the antenna 100 onto an antenna mount (not shown) on,

for example, an antenna tower. The antenna 100 also
includes a bottom end cap 130 which includes a plurality
of connectors 140 mounted therein. The antenna 100 is
typically mounted in a vertical configuration (i.e., the lon-
gitudinal axis L may be generally perpendicular to a plane
defined by the horizon) when the antenna 100 is mounted
for normal operation. The radome 110, top cap 120 and
bottom cap 130 may form an external housing for the
antenna 100. An antenna assembly 200 is contained
within the housing. The antenna assembly 200 may be
slidably inserted into the radome 110 from either the top
or bottom before the top cap 120 or bottom cap 130 are
attached to the radome 110.
[0028] FIGS. 2-4 are a perspective view, a front view
and a cross-sectional view, respectively, of the antenna
assembly 200 of base station antenna 100. As shown in
FIGS. 2-4, the antenna assembly 200 includes a ground
plane structure 210 that has sidewalls 212 and a reflector
surface 214. Various mechanical and electronic compo-
nents of the antenna (not shown) may be mounted in the
chamber defined between the sidewalls 212 and the back
side of the reflector surface 214 such as, for example,
phase shifters, remote electronic tilt units, mechanical
linkages, a controller, diplexers, and the like. The reflec-
tor surface 214 of the ground plane structure 210 may
comprise or include a metallic surface that serves as a
reflector and ground plane for the radiating elements of
the antenna 100. Herein the reflector surface 214 may
also be referred to as the reflector 214.
[0029] A plurality of dual-polarized radiating elements
300, 400, 500 are mounted to extend upwardly from the
reflector surface 214 of the ground plane structure 210.
The radiating elements include low-band radiating ele-
ments 300, mid-band radiating elements 400 and high-
band radiating elements 500. The low-band radiating el-
ements 300 are mounted in two columns to form two
linear arrays 220-1, 220-2 of low-band radiating elements
300. Each low-band linear array 220 may extend along
substantially the full length of the antenna 100 in some
embodiments. The mid-band radiating elements 400
may likewise be mounted in two columns to form two
linear arrays 230-1, 230-2 of mid-band radiating ele-
ments 400. The high-band radiating elements 500 are
mounted in four columns to form four linear arrays 240-1
through 240-4 of high-band radiating elements 500. In
other embodiments, the number of linear arrays of low-
band, mid-band and/or high-band radiating elements
may be varied from what is shown in FIGS. 2-4. It should
be noted that herein like elements may be referred to
individually by their full reference numeral (e.g., linear
array 230-2) and may be referred to collectively by the
first part of their reference numeral (e.g., the linear arrays
230).
[0030] In the depicted embodiment, the linear arrays
240 of high-band radiating elements 500 are positioned
between the linear arrays 220 of low-band radiating ele-
ments 300, and each linear array 220 of low-band radi-
ating elements 300 is positioned between a respective
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one of the linear arrays 240 of high-band radiating ele-
ments 500 and a respective one of the linear arrays 230
of mid-band radiating elements 400. The linear arrays
230 of mid-band radiating elements 400 may or may not
extend the full length of the antenna 100, and the linear
arrays 240 of high-band radiating elements 500 may or
may not extend the full length of the antenna 100.
[0031] The low-band radiating elements 300 may be
configured to transmit and receive signals in a first fre-
quency band. In some embodiments, the first frequency
band may comprise the 61794-960 MHz frequency range
or a portion thereof (e.g., the 617-896 MHz frequency
band, the 696-960 MHz frequency band, etc.). The mid-
band radiating elements 400 may be configured to trans-
mit and receive signals in a second frequency band. In
some embodiments, the second frequency band may
comprise the 1427-2690 MHz frequency range or a por-
tion thereof (e.g., the 1710-2200 MHz frequency band,
the 2300-2690 MHz frequency band, etc.). The high-
band radiating elements 500 may be configured to trans-
mit and receive signals in a third frequency band. In some
embodiments, the third frequency band may comprise
the 3300-4200 MHz frequency range or a portion thereof.
The low-band linear arrays 220 may or may not be con-
figured to transmit and receive signals in the same portion
of the first frequency band. For example, in one embod-
iment, the low-band radiating elements 300 in the first
linear array 220-1 may be configured to transmit and re-
ceive signals in the 700 MHz frequency band and the
low-band radiating elements 300 in the second linear ar-
ray 220-2 may be configured to transmit and receive sig-
nals in the 800 MHz frequency band. In other embodi-
ments, the low-band radiating elements 300 in both the
first and second linear arrays 220-1, 220-2 may be con-
figured to transmit and receive signals in the 700 MHz
(or 800 MHz) frequency band. The mid-band and high-
band radiating elements 400, 500 in the different mid-
band and high-band linear arrays 230, 240 may similarly
have any suitable configuration.
[0032] The low-band, mid-band and high-band radiat-
ing elements 300, 400, 500 may each be mounted to
extend upwardly above the ground plane structure 210.
The reflector surface 214 of the ground plane structure
210 may comprise a sheet of metal that, as noted above,
serves as a reflector and as a ground plane for the radi-
ating elements 300, 400, 500.
[0033] As noted above, the low-band radiating ele-
ments 300 are arranged as two low-band arrays 220 of
radiating elements. Each array 220-1, 220-2 may be used
to form a pair of antenna beams, namely an antenna for
each of the two polarizations at which the dual-polarized
radiating elements are designed to transmit and receive
RF signals. Each radiating element 300 in the first low-
band array 220-1 may be horizontally aligned with a re-
spective radiating element 300 in the second low-band
array 220-2. Likewise, each radiating element 400 in the
first mid-band array 230-1 may be horizontally aligned
with a respective radiating element 400 in the second

mid-band array 230-2. While not shown in the figures,
the radiating elements 300, 400, 500 may be mounted
on feed boards that couple RF signals to and from the
individual radiating elements 300, 400, 500. One or more
radiating elements 300, 400, 500 may be mounted on
each feed board. Cables may be used to connect each
feed board to other components of the antenna such as
diplexers, phase shifters or the like.
[0034] While cellular network operators are interested
in deploying antennas that have a large number of linear
arrays of radiating elements in order to reduce the
number of base station antennas required per base sta-
tion, increasing the number of linear arrays typically in-
creases the width of the antenna. Both the weight of a
base station antenna and the wind loading the antenna
will experience increase with increasing width, and thus
wider base station antennas tend to require structurally
more robust antenna mounts and antenna towers, both
of which can significantly increase the cost of a base
station. Accordingly, cellular network operators typically
want to limit the width of a base station antenna to be
below 500 mm. This can be challenging in base station
antennas that include two linear arrays of low-band ra-
diating elements, since most conventional low-band ra-
diating elements that are designed to serve a 120° sector
have a width of about 200 mm or more.
[0035] The width of a multi-band base station antenna
may be reduced by decreasing the separation between
adjacent linear arrays. However, as the separation is re-
duced, increased coupling between radiating elements
of different linear arrays occurs, and this increased cou-
pling may impact the shapes of the antenna beams gen-
erated by the linear arrays in undesirable ways. For ex-
ample, a low-band cross-dipole radiating element will typ-
ically have dipole radiators that have a length that is ap-
proximately © a wavelength of the operating frequency.
If the low-band radiating element is designed to operate
in the 700 MHz frequency band, and the mid-band radi-
ating elements are designed to operate in the 1400 MHz
frequency band, the length of the low-band dipole radi-
ators will be approximately one wavelength at the mid-
band operating frequency. As a result, each dipole arm
of a low-band dipole radiator will have a length that is
approximately © a wavelength at the mid-band operating
frequency, and hence RF energy transmitted by the mid-
band radiating elements will tend to couple to the low-
band radiating elements. This coupling can distort the
antenna pattern of the mid-band linear array. Similar dis-
tortion can occur if RF energy emitted by the high-band
radiating elements couples to the low-band radiating el-
ements. The low-band radiating elements 300 according
to embodiments of the present invention may be de-
signed to be substantially transparent to closely-located
mid-band and high-band radiating elements 400, 500 so
that undesired coupling of mid-band and/or high-band
RF energy onto the low-band radiating elements 300 may
be significantly reduced.
[0036] Referring now to FIGS. 5-6, one of the low-band
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radiating elements 300 will be described in greater detail.
The low-band radiating element 300 includes a pair of
feed stalks 310, and first and second dipoles 320-1,
320-2. The first dipole 320-1 includes first and second
dipole arms 330-1, 330-2, and the second dipole 320-2
includes third and fourth dipole arms 330-3, 330-4. The
feed stalks 310 may each comprise a printed circuit board
that has RF transmission lines 314 formed thereon.
These RF transmission lines 314 carry RF signals be-
tween a feed board (not shown) and the dipoles 320.
Each feed stalk 310 may further include a hook balun. A
first of the feed stalks 310-1 may include a lower vertical
slit and the second of the feed stalks 310-2 includes an
upper vertical slit. These vertical slits allow the two feed
stalks 310 to be assembled together to form a vertically
extending column that has generally x-shaped horizontal
cross-sections. Lower portions of each feed stalk 310
may include projections 316 that are inserted through
slits in a feed board to mount the radiating element 300
thereon. The RF transmission lines 314 on the respective
feed stalks 310 may center feed the dipoles 320-1, 320-2
via, for example, direct ohmic connections between the
transmission lines 314 and the dipole arms 330.
[0037] The azimuth half power beamwidths of each
low-band radiating element 300 may be in the range of
55 degrees to 85 degrees. In some embodiments, the
azimuth half power beamwidth of each low-band radiat-
ing element 300 may be approximately 65 degrees.
[0038] Each dipole 320 may include, for example, two
dipole arms 330 that are each between approximately
0.2 to 0.35 of an operating wavelength in length, where
the "operating wavelength" refers to the wavelength cor-
responding to the center frequency of the operating fre-
quency band of the radiating element 300. For example,
if the low-band radiating elements 300 are designed as
wideband radiating elements that are used to transmit
and receive signals across the full 694-960 MHz frequen-
cy band, then the center frequency of the operating fre-
quency band would be 827 MHz and the corresponding
operating wavelength would be 36.25 cm.
[0039] As shown best in FIG. 6, the first dipole 320-1
extends along a first axis 322-1 and the second dipole
320-2 extends along a second axis 322-2 that is generally
perpendicular to the first axis 322-1. Consequently, the
first and second dipoles 320-1, 320-2 are arranged in the
general shape of a cross. Dipole arms 330-1 and 330-2
of first dipole 320-1 are center fed by a common RF trans-
mission line 314 and radiate together at a first polariza-
tion. In the depicted embodiment, the first dipole 320-1
is designed to transmit signals having a +45 degree po-
larization. Dipole arms 330-3 and 330-4 of second dipole
320-2 are likewise center fed by a common RF transmis-
sion line 314 and radiate together at a second polarization
that is orthogonal to the first polarization. The second
dipole 320-2 is designed to transmit signals having a -45
degree polarization. The dipole arms 330 may be mount-
ed approximately 3/16 to ¨ an operating wavelength
above the reflector 214 by the feed stalks 310.

[0040] Dipole arms 330-1, 330-2 each include first and
second spaced-apart conductive segments 340-1, 340-2
that together form a generally oval shape. A bold dashed
oval is superimposed on dipole arm 330-1 in FIG. 6 to
illustrate the generally oval nature of the combination of
conductive segments 340-1 and 340-2. The first conduc-
tive segment 340-1 may form half of the generally oval
shape and the second conductive segment 340-2 may
form the other half of the generally oval shape. Dipole
arms 330-3, 330-4 similarly each include first and second
spaced-apart conductive segments 350-1, 350-2 that to-
gether form a generally oval shape.
[0041] In the particular embodiment depicted in FIGS.
5-6, the portions of the conductive segments 340-1,
340-2, 350-1, 350-2 at the end of each dipole arm 330
that is closest to the center of each dipole 320 may have
straight outer edges as opposed to curved configuration
of a true oval. Likewise, the portions of the conductive
segments 340-1, 340-2, 350-1, 350-2 at the distal end of
each dipole arm 330 may also have straight or nearly
straight outer edges. It will be appreciated that such ap-
proximations of an oval are considered to have a gener-
ally oval shape for purposes of this disclosure (e.g., an
elongated hexagon has a generally oval shape).
[0042] The spaced-apart conductive segments 340-1,
340-2, 350-1, 350-2 may be implemented, for example,
in a printed circuit board 332 and may lie in a first plane
that is generally parallel to a plane defined by the under-
lying reflector 214 in some embodiments. All four dipole
arms 330 may lie in this first plane. Each feed stalk 310
may extend in a direction that is generally perpendicular
to the first plane.
[0043] Referring again to FIGS. 2-4, it can be seen that
the low-band radiating elements 300 are taller (above
the reflector 214) than both the mid-band radiating ele-
ments 400 and the high-band radiating elements 500. In
order to keep the width of the base station antenna rel-
atively narrow, the low-band radiating elements 300 may
be located in very close proximity to both the mid-band
radiating elements 400 and the high-band radiating ele-
ments 500. In the depicted embodiment, each low-band
radiating element 300 that is adjacent a linear array 230
of mid-band radiating elements 400 may extend over a
substantial portion of two of the mid-band radiating ele-
ments 400. Likewise, each low-band radiating element
300 that is adjacent a linear array 240 of high-band ra-
diating elements 500 may vertically overlap at least a
portion of one or more of the high-band radiating ele-
ments 500. This arrangement allows for a significant re-
duction in the width of the base station antenna 100. The
term "vertically overlap" is used herein to refer to a spe-
cific positional relationship between first and second ra-
diating elements that extend above a reflector of a base
station antenna. In particular, a first radiating element is
considered to "vertically overlap" a second radiating el-
ement if an imaginary line can be drawn that is perpen-
dicular to the top surface of the reflector that passes
through both the first radiating element and the second
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radiating element.
[0044] While positioning the low-band radiating ele-
ments 300 so that they vertically overlap the mid-band
and/or the high-band radiating elements 400, 500 may
advantageously facilitate reducing the width of the base
station antenna 100, this approach may significantly in-
crease the coupling of RF energy transmitted by the mid-
band and/or the high-band radiating elements 400, 500
onto the low-band radiating elements 300, and such cou-
pling may degrade the antenna patterns formed by the
linear arrays 230, 240 of mid-band and/or high-band ra-
diating elements 400, 500. In order to reduce such cou-
pling, the low-band radiating elements 300 may be de-
signed to have two dipole arms 330-1, 330-3 that are
substantially "transparent" to radiation emitted by the
mid-band radiating elements 400, and dipole arms 330-2,
330-4 that are designed to be substantially transparent
to radiation emitted by the high-band radiating elements
500. The dipole arms 330-1, 330-3 of the low-band radi-
ating elements 300 that are substantially transparent to
radiation emitted by the mid-band radiating elements 400
may be the dipole arms that project toward the mid-band
radiating elements 400, while the dipole arms 330-2,
330-4 of the low-band radiating elements 300 that are
substantially transparent to radiation emitted by the high-
band radiating elements 500 may be the dipole arms that
project toward the high-band radiating elements 500.
Herein, a dipole arm of a radiating element that is con-
figured to transmit RF energy in a first frequency band is
considered to be "transparent" to RF energy in a second,
different frequency band RF energy if the RF energy in
the second frequency band poorly couples to the dipole
arm. Accordingly, if a dipole arm of a first radiating ele-
ment that is transparent to a second frequency band is
positioned so that it vertically overlaps a second radiating
element that transmits in the second frequency band, the
addition of the first radiating element will not materially
impact the antenna pattern of the second radiating ele-
ment.
[0045] Dipole arms 330-1 and 330-3 may be more
transparent to radiation emitted by the mid-band radiating
elements 400 than are the dipole arms 330-2, 330-4. In
other words, RF energy in the frequency range transmit-
ted and received by the mid-band radiating elements 400
may more readily induce currents on dipole arms 330-2,
330-4 than on dipole arms 330-1, 330-3. Dipole arms
330-2 and 330-4 may be more transparent to radiation
emitted by the high-band radiating elements 400 than
are the dipole arms 330-1, 330-3. Thus, if the low-band
radiating elements 300 were rotated 180 degrees so that
dipole arms 330-1, 330-3 projected toward the high-band
radiating elements 500 and dipole arms 330-2, 330-4 pro-
jected toward the mid-band radiating elements 400, more
mid-band and high-band currents would be induced on
the dipole arms 330 and the antenna patterns for the mid-
band and high band linear arrays 230, 240 would be de-
graded.
[0046] Dipole arms 330-1 and 330-3 may be designed

to be substantially transparent to radiation emitted by the
mid-band radiating elements 400. This effect may be
achieved by implementing the conductive segments
340-1, 340-2 as metal patterns that have a plurality of
widened sections 342 that are connected by narrowed
trace sections 344, as shown in FIGS. 5-6. As shown in
FIG. 6, each widened section 342 of the conductive seg-
ments 340-1, 340-2 may have a respective length L1 and
a respective width W1 in the first plane, where the length
L1 is measured in a direction that is generally parallel to
the direction of current flow along the respective widened
section 342 and the width W1 is measured in a direction
that is generally perpendicular to the direction of current
flow along the respective widened section 342. The
length L1 and width W1 of each widened section 342 need
not be constant, and hence reference will be made herein
to the average length and/or average width of each wid-
ened section 342. The narrowed trace sections 344 may
similarly have a respective width W2 in the first plane,
where the width W2 is measured in a direction that is
generally perpendicular to the direction of instantaneous
current flow along the narrowed trace section 344. The
width W2 of each narrowed trace section 344 also need
not be constant, and hence reference will be made to the
average width of each narrowed trace section 344.
[0047] The narrowed trace sections 344 may be im-
plemented as meandered conductive traces. Herein, a
meandered conductive trace refers to a non-linear con-
ductive trace that follows a meandered path to increase
the path length thereof. Using meandered conductive
trace sections 344 provides a convenient way to extend
the length of the narrowed trace section 344 while still
providing a relatively compact conductive segment 340.
This allows the widened trace sections 342 to be located
in close proximity to each other so that the widened sec-
tions 342 will appear as a dipole at the low-band frequen-
cies. As will be discussed below, these narrowed trace
sections 344 may be provided to improve the perform-
ance of the antenna 100. The average width of each wid-
ened section 342 may be, for example, at least twice the
average width of each narrowed trace section 344 in
some embodiments. In other embodiments, the average
width of each widened section 342 may be at least four
times the average width of each narrowed trace section
344.
[0048] If conventional dipole arms were used instead
of the dipole arms 330 in antenna 100, then RF energy
that is transmitted and received by the mid-band radiating
elements 400 may tend to induce currents on the con-
ventional dipole arms, and particularly on the two dipole
arms that vertically overlap the mid-band radiating ele-
ments 400. Such induced currents are particularly likely
to occur when the low-band and mid-band radiating ele-
ments are designed to operate in frequency bands having
center frequencies that are separated by about a factor
of two, as a low-band dipole arm having a length that is
a quarter wavelength of the low-band operating frequen-
cy will, in that case, have a length of approximately a half
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wavelength of the high-band operating frequency. The
greater the extent that mid-band currents are induced on
the low-band dipole arms, the greater the impact on the
characteristics of the radiation pattern of the linear arrays
230 of mid-band radiating elements 400. While mid-band
RF signals could also be induced on the other two con-
ventional low-band dipole arms, coupling to these dipole
arms may be low due to the increased separation be-
tween the two dipole arms that project away from the
mid-band radiating elements 400, and hence only two of
the four low-band dipole arms may have a significant
impact on the radiation patterns of the linear arrays 230
of mid-band radiating elements 400.
[0049] With the low-band radiating elements 300 ac-
cording to embodiments of the present invention, the nar-
rowed trace sections 344 may be designed to act as high
impedance sections that are designed to interrupt cur-
rents in the mid-band that could otherwise be induced on
low-band dipole arms 330-1, 330-3. The narrowed trace
sections 344 may be designed to create this high imped-
ance for mid-band currents without significantly impact-
ing the ability of the low-band currents to flow on the
dipole arms 330-1, 330-3. As such, the narrowed trace
sections 344 may reduce induced mid-band currents on
the low-band dipole arms 330-1, 330-3 and consequent
disturbance to the antenna pattern of the mid-band linear
arrays 230. In some embodiments, the narrowed trace
sections 344 may make the low-band dipole arms 330-1,
330-3 almost invisible to the mid-band radiating elements
400, and thus the low-band radiating elements 300 may
not distort the mid-band antenna patterns.
[0050] Dipole arms 330-2 and 330-4 may similarly be
designed to be substantially transparent to radiation emit-
ted by the high-band radiating elements 500. This effect
may again be achieved by implementing the conductive
segments 350-1, 350-2 as metal patterns that have a
plurality of widened segments 352 that are connected by
one or more intervening narrowed trace sections 354.
The narrowed trace sections 354 may be implemented
as meandered conductive traces. Each widened section
352 of the conductive segments 350-1, 350-2 may have
a respective length L3 and a respective width W3 in the
first plane. The length L3 and width W3 of each widened
section 352 need not be constant, and hence reference
will be made to the average length and/or average width
of each widened section 352. The narrowed trace sec-
tions 354 may similarly have a respective width W4 in the
first plane. The width W4 of each narrowed trace section
354 also need not be constant. The average width of
each widened section 352 may be, for example, at least
four times the average width of each narrowed trace sec-
tion 354 in some embodiments.
[0051] If conventional dipole arms were used instead
of dipole arms 330 in antenna 100, then RF energy that
is transmitted and received by the high-band radiating
elements 500 may tend to induce currents on the con-
ventional dipole arms, and particularly on the two dipole
arms that vertically overlap the high-band radiating ele-

ments 500. With the low-band radiating elements 300
according to embodiments of the present invention, the
narrowed trace sections 354 may be designed to act as
high impedance sections that are designed to interrupt
currents in the high-band that could otherwise be induced
on low-band dipole arms 330-2, 330-4. The narrowed
trace sections 354 may be designed to create this high
impedance for high-band currents without significantly
impacting the ability of the low-band currents to flow on
the dipole arms 330-2, 330-4. As such, the narrowed
trace sections 354 may reduce induced high-band cur-
rents on the low-band dipole arms 330-2, 330-4 and con-
sequent disturbance to the antenna pattern of the high-
band linear arrays 240. In some embodiments, the nar-
rowed trace sections 354 may make the low-band dipole
arms 330-2, 330-4 almost invisible to the high-band ra-
diating elements 500, and thus the low-band radiating
elements 300 may not distort the high-band antenna pat-
terns.
[0052] In some embodiments, the low-band dipole
arms 330-2, 330-4 may have at least 50% more widened
sections 352 that the low-band dipole arms 330-1, 330-3
have widened sections 342. In other embodiments, the
low-band dipole arms 330-2, 330-4 may have at least
twice as many widened sections 352 than the low-band
dipole arms 330-1, 330-3 have widened sections 342.
Low-band dipole arms 330-1 and 330-3 may have the
same number of widened sections 342 in some embod-
iments. Low-band dipole arms 330-2 and 330-4 may
have the same number of widened sections 352 in some
embodiments. The narrowed trace sections 354 may be
shorter than the narrowed trace sections 344 included in
the dipole arms 330-1, 330-3.
[0053] By implementing the dipole arms 330 as a se-
ries of widened sections 342, 352 that are connected by
intervening narrowed trace sections 344, 354, each di-
pole arm 330 may act like a low pass filter circuit. The
smaller the length of each widened segment 342, 352,
the higher the cut off frequency of the low pass filter cir-
cuit. The length of each widened segment 342 and the
electrical distance between adjacent widened segments
342 may be tuned so that the dipole arms 330-1, 330-3
are substantially transparent to mid-band RF radiation.
The length of each widened segment 352 and the elec-
trical distance between adjacent widened segments 352
may be tuned so that the dipole arms 330-2, 330-4 are
substantially transparent to high-band RF radiation.
Thus, by providing different designs for the dipole arms
330 that are adjacent the mid-band and high-band radi-
ating elements 400, 500, the performance of base station
antenna may be improved.
[0054] An average electrical distance between adja-
cent narrowed sections 354 of each second dipole arm
330-2, 330-4 is less than an average electrical distance
between adjacent narrowed sections 344 of each first
dipole arm 330-1, 330-3. An average length L2 of the
widened sections 352 of each second dipole arm 330-2,
330-4 is less than an average length L1 of the widened
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sections 342 of the first dipole arm 330-1, 330-3.
[0055] As can further be seen in FIGS. 5-6, in some
embodiments, the distal ends of the conductive seg-
ments 340-1, 340-2 may be electrically connected to
each other so that the conductive segments 340-1, 340-2
form a closed loop structure. In the depicted embodiment,
the conductive segments 340-1, 340-2 are electrically
connected to each other by a narrowed trace section 344.
In other embodiments, the widened sections 342 at the
distal ends of conductive segments 340-1, 340-2 may
merge together to form a single widened section 342. In
still other embodiments, the distal ends of the conductive
segments 340-1, 340-2 may not be electrically connected
to each other. Any of these designs may likewise be used
to implement the distal ends of conductive segments
350-1, 350-2.
[0056] In some embodiments, the physical length of
dipole arms 330-1, 330-3 may exceed the physical length
of dipole arms 330-2, 330-4. Additionally, In some em-
bodiments, the "electrical length" of dipole arms 330-2,
330-4 may exceed the electrical length of dipole arms
330-1, 330-3. This longer electrical length may arise be-
cause of the shorter widened sections in dipole arms
330-2, 330-4. The "electrical length" of each of dipole
arms 330-2, 330-4 is the length of the electrical path
formed by conductive segment 350-1 plus the length of
the electrical path formed by conductive segment 350-2.
Similarly, the electrical length of each of dipole arms
330-1, 330-3 is the length of the electrical path formed
by conductive segment 340-1 plus the length of the elec-
trical path formed by conductive segment 340-2. By
shortening the electrical length of the dipole arms 330-1,
330-3 that extend towards the high-band linear arrays
240 a skew may be generated in the antenna beams
generated by the low-band linear arrays that may correct
for an imbalance in the antenna beam that is created by
the fact that the dipole arms 330-1, 330-3 are close to
the edge of the reflector 214 and hence "see" less of the
reflector 214 than do dipole arms 330-2, 330-4. This skew
may also help improve the cross-polarization isolation
performance of the low-band radiating elements 300. In
some embodiments, an electrical length of dipole arms
330-2, 330-4 may exceed the electrical length of dipole
arms 330-1, 330-3 by at least 3 percent. In other embod-
iments, the electrical length of dipole arms 330-2, 330-4
may exceed the electrical length of dipole arms 330-1,
330-3 by 5% to 15%
[0057] By forming each dipole arm 330 as first and sec-
ond spaced-apart conductive segments, the currents that
flow on the dipole arm 330 may be forced along two rel-
atively narrow paths that are spaced apart from each
other. This approach may provide better control over the
radiation pattern. Additionally, by using the loop struc-
ture, the overall length of each dipole arm 330 may ad-
vantageously be reduced. Thus, the low-band radiating
elements 300 according to embodiments of the present
invention may be more compact and may provide better
control over the radiation patterns, while also having very

limited impact on the performance of closely spaced mid-
band and high-band radiating elements 400, 500.
[0058] As noted above, the first dipole 320-1 is config-
ured to transmit and receive RF signals at a +45 degree
slant polarization, and the second dipole 320-2 is config-
ured to transmit and receive RF signals at a -45 degree
slant polarization. Accordingly, when the base station an-
tenna 100 is mounted for normal operation, the first axis
322-1 of the first dipole 320-1 may be angled at about
+45 degrees with respect to a longitudinal (vertical) axis
L of the antenna 100, and the second axis 322-2 of the
second dipole 320-2 may be angled at about -45 degrees
with respect to the longitudinal axis L of the antenna 100.
[0059] As can best be seen in FIG. 6, central portions
of each of the first and second dipole arms 330 extend
in parallel to the first axis 322-1, and central portions of
each of the third and fourth dipole arms 330 extend in
parallel to the second axis 322-2. Moreover, the dipole
arms 330 as a whole extend generally along one or the
other of the first and second axes 322-1, 322-2. Conse-
quently, each dipole 320 will directly radiate at either the
+45° or the -45° polarization.
[0060] FIG. 7 is a perspective view of a low-band ra-
diating element 600 according to further embodiments
of the present invention. As shown in FIG. 7, the low-
band radiating element 600 is a dual-polarized cross-
dipole radiating element that includes a pair of feed stalks
610 and first and second dipoles 620-1, 620-2. The first
dipole 620-1 includes dipoles arms 630-1, 630-2 that ex-
tend along a first axis, and the second dipole 620-2 in-
cludes dipoles arms 630-3, 630-4 that extend along a
second axis that is substantially perpendicular to the first
axis.
[0061] The feed stalks 610 may each comprise a print-
ed circuit board that has RF transmission lines (not
shown) formed thereon. Each feed stalk 610 includes a
slit so that the feed stalks 610 can be assembled together
to form a vertically extending column that has generally
x-shaped horizontal cross-sections. Each dipole arm 630
may be electrically connected to one of the feed stalks
610.
[0062] Each dipole arm 630 may have a length that is,
for example, between 3/8 to © of a wavelength in length,
where the "wavelength" refers to the wavelength in the
middle of the frequency range of the low band. Dipole
arms 630-1 and 630-2 together form the first dipole 620-1
and are configured to transmit signals having a +45 de-
gree polarization. Dipole arms 630-3 and 630-4 together
form the second dipole 620-2 and are configured to trans-
mit signals having a -45 degree polarization. The dipole
arms 630 may be mounted approximately a quarter
wavelength above a reflector by the feed stalks 610.
[0063] Each dipole arm 630-1, 630-3 may comprise an
elongated center conductor 634 that has a series of co-
axial chokes 632 mounted thereon. Each coaxial choke
632 comprises a hollow metal tube that has an open end
and a closed end that is grounded to the center conductor
634. The size, number of and distance between the co-
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axial chokes 632 included in dipole arms 630-1 and 630-3
may be designed to create a quarter wavelength well in
the frequency range of the mid-band radiating elements
in order to make dipole arms 630-1, 630-3 substantially
transparent to RF energy in the mid-band. Each dipole
arm 630-2, 630-4 may comprise an elongated center con-
ductor 644 that has a series of coaxial chokes 642 mount-
ed thereon. Each coaxial choke 642 comprises a hollow
metal tube that has an open end and a closed end that
is grounded to the center conductor 644. The size,
number of and distance between the coaxial chokes 642
included in dipole arms 630-2 and 630-4 may be de-
signed to create a quarter wavelength well in the frequen-
cy range of the high-band radiating elements in order to
make dipole arms 630-2, 630-4 substantially transparent
to RF energy in the high-band. As can be seen, the
number of coaxial chokes 642 and the size of the coaxial
chokes 642 included on dipole arms 630-2, 630-4 may
be less than the number of coaxial chokes 632 and the
size of the coaxial chokes 632 included on dipole arms
630-1, 630-3. Each coaxial choke 632, 642 may be
viewed as a widened section of its respective dipole arm
630, and the segments of the center conductors 634, 644
between adjacent coaxial chokes 632, 642 may be
viewed as narrowed sections of the respective dipole
arms 630.
[0064] The linear arrays 220 of the base station anten-
na 100 of FIGS. 1-4 may include the radiating elements
600 instead of the radiating elements 300 according to
further embodiments of the present invention. The dipole
arms 630-1, 630-3 of each radiating element 600 may
project toward the mid-band radiating elements 400 and
the dipole arms 630-2, 630-4 may project toward the high-
band radiating elements 500. In some embodiments, at
least some of the dipole arms 630-1, 630-3 may vertically
overlap respective ones of the mid-band radiating ele-
ments 400, and/or at least some of the dipole arms 630-2,
630-4 may vertically overlap respective ones of the high-
band radiating elements 500. Since the radiating ele-
ments 600 may have dipole arms 630 that are substan-
tially transparent to RF energy in two different frequency
bands, they may be used in tri-band base station anten-
nas and allow the linear arrays thereof to be positioned
more closely together.
[0065] While the example embodiments described
above have low-band radiating elements that are de-
signed to be transparent to RF energy radiated in two
higher frequency bands, it will be appreciated that em-
bodiments of the present invention are not limited thereto.
For example, in other embodiments, mid-band radiating
elements may be provided that have first dipole arms that
are configured to be substantially transparent to RF en-
ergy in a lower frequency band and second dipole arms
that are configured to be substantially transparent to RF
energy in a higher frequency band.
[0066] According to an aspect of the present invention,
a radiating element includes a first dipole arm that ex-
tends along a first axis and that is configured to transmit

RF signals in a first frequency band and a second dipole
arm that extends along the first axis and that is configured
to transmit RF signals in the first frequency band. The
first dipole arm is configured to be more transparent to
RF signals in a second frequency band than it is to RF
signals in a third frequency band, and the second dipole
arm is configured to be more transparent to RF signals
in the third frequency band than it is to RF signals in the
second frequency band.
[0067] In some embodiments, each of the first and sec-
ond dipole arms includes a plurality of widened sections
that are connected by intervening narrowed sections. In
such embodiments, the second dipole arm may have
more widened sections than does the first dipole arm. In
some embodiments, an average electrical distance be-
tween adjacent narrowed sections of the second dipole
arm is less than an average electrical distance between
adjacent narrowed sections of the first dipole arm. In
some embodiments, an average length of the widened
sections of the second dipole arm is less than an average
length of the widened sections of the first dipole arm. In
some embodiments, the narrowed sections of the first
dipole arm may be configured to create a high impedance
for RF signals that are in the second frequency band,
and the narrowed sections of the second dipole arm may
be configured to create a high impedance for RF signals
that are in the third frequency band.
[0068] In some embodiments, the first dipole arm and
the second dipole arm together form a first dipole, and
the radiating element may further include a second dipole
that extends along a second axis and that is configured
to transmit RF signals in the first frequency band, the
second dipole including a third dipole arm and a fourth
dipole arm and the second axis being generally perpen-
dicular to the first axis. In such embodiments, the third
dipole arm may be configured to be more transparent to
RF signals in the second frequency band than it is to RF
signals in the third frequency band, and the fourth dipole
arm may be configured to be more transparent to RF
signals in the third frequency band than it is to RF signals
in the second frequency band.
[0069] In some embodiments, any of the above-de-
scribed radiating elements may be mounted on a base
station antenna as part of a first linear array of radiating
elements that are configured to transmit RF signals in
the first frequency band, and the base station antenna
may also include a second linear array of radiating ele-
ments that are configured to transmit RF signals in the
second frequency band and a third linear array of radi-
ating elements that are configured to transmit RF signals
in the third frequency band. The radiating elements of
the various embodiments of the present invention may
be mounted between the second linear array and the
third linear array, and the first and third dipole arms there-
of may project toward the second linear array and the
second and fourth dipole arms thereof may project to-
ward the third linear array. In some embodiments, the
first dipole arm may vertically overlap one of the radiating
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elements in the second linear array of radiating elements.
[0070] In some embodiments, any of the radiating el-
ements according to the present invention may further
include at least one feed stalk that extends generally per-
pendicular to a plane defined by the first and second di-
poles thereof, and each of the first through fourth dipoles
arms may include first and second spaced-apart conduc-
tive segments that together form a generally oval shape.
[0071] In some embodiments, an electrical length of
second dipole arm is less than an electrical length of the
first dipole arm.
[0072] In some embodiments, the second dipole arm
vertically overlaps one of the radiating elements in the
third linear array of radiating elements.
[0073] In some embodiments, the first and second di-
poles are center-fed from a common RF transmission
line.
[0074] Embodiments of the present invention have
been described above with reference to the accompany-
ing drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like numbers
refer to like elements throughout.
[0075] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed a first element, without depart-
ing from the scope of the present invention. As used here-
in, the term "and/or" includes any and all combinations
of one or more of the associated listed items.
[0076] It will be understood that when an element is
referred to as being "on" another element, it can be di-
rectly on the other element or intervening elements may
also be present. In contrast, when an element is referred
to as being "directly on" another element, there are no
intervening elements present. It will also be understood
that when an element is referred to as being "connected"
or "coupled" to another element, it can be directly con-
nected or coupled to the other element or intervening
elements may be present. In contrast, when an element
is referred to as being "directly connected" or "directly
coupled" to another element, there are no intervening
elements present. Other words used to describe the re-
lationship between elements should be interpreted in a
like fashion (i.e., "between" versus "directly between",
"adjacent" versus "directly adjacent", etc.).
[0077] Relative terms such as "below" or "above" or
"upper" or "lower" or "horizontal" or "vertical" may be used
herein to describe a relationship of one element, layer or
region to another element, layer or region as illustrated
in the figures. It will be understood that these terms are

intended to encompass different orientations of the de-
vice in addition to the orientation depicted in the figures.
[0078] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" "comprising," "includes" and/or "in-
cluding" when used herein, specify the presence of stated
features, operations, elements, and/or components, but
do not preclude the presence or addition of one or more
other features, operations, elements, components,
and/or groups thereof.
[0079] Aspects and elements of all of the embodiments
disclosed above can be combined in any way and/or com-
bination with aspects or elements of other embodiments
to provide a plurality of additional embodiments.

Claims

1. A dual-polarized radiating element, comprising:

a first dipole that extends along a first axis and
that is configured to transmit RF signals in a first
frequency band, the first dipole including a first
dipole arm and a second dipole arm;
a second dipole that extends along a second
axis and that is configured to transmit RF signals
in the first frequency band, the second dipole
including a third dipole arm and a fourth dipole
arm, and the second axis being generally per-
pendicular to the first axis,
wherein each of the first through fourth dipole
arms includes a plurality of widened sections
that are connected by intervening narrowed sec-
tions,
wherein the second dipole arm has more wid-
ened sections than does the first dipole arm.

2. The dual-polarized radiating element of Claim 1,
wherein the second dipole arm has at least 50%
more widened sections than does the first dipole
arm.

3. The dual-polarized radiating element of Claim 1,
wherein the second dipole arm has at least twice as
many widened sections than does the first dipole
arm.

4. The dual-polarized radiating element of any of
Claims 1-3, wherein the first dipole arm and the third
dipole arm have the same number of widened sec-
tions.

5. The dual-polarized radiating element of any of
Claims 1-4, wherein at least some of the narrowed
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sections comprise meandered conductive traces.

6. The dual-polarized radiating element of any of
Claims 1-5, wherein an average electrical distance
between adjacent narrowed sections of the second
dipole arm is less than an average electrical distance
between adjacent narrowed sections for the first di-
pole arm.

7. The dual-polarized radiating element of any of
Claims 1-6, wherein an electrical length of second
dipole arm is less than an electrical length of the first
dipole arm.

8. The dual-polarized radiating element of any of
Claims 1-7, wherein each of the first through fourth
dipoles arms includes first and second spaced-apart
conductive segments that together form a generally
oval shape.

9. A base station antenna comprising one or more dual-
polarized radiating elements according to any of
Claims 1-8 mounted thereon as part of a first linear
array of radiating elements that are configured to
transmit RF signals in the first frequency band, the
base station antenna further comprising a second
linear array of radiating elements that are configured
to transmit RF signals in the second frequency band
and a third linear array of radiating elements that are
configured to transmit RF signals in the third frequen-
cy band, wherein the one or more dual-polarizing
radiating elements are mounted between the second
linear array and the third linear array, and wherein
the first and third dipole arms project toward the sec-
ond linear array and the second and fourth dipole
arms project toward the third linear array.

10. The base station of Claim 9, wherein the first dipole
arm vertically overlaps one of the radiating elements
in the second linear array of radiating elements.

11. The base station of either Claim 9 or claim 10, where-
in the first dipole arm is configured to be more trans-
parent to RF signals in the second frequency band
than it is to RF signals in the third frequency band,
and the second dipole arm is configured to be more
transparent to RF signals in the third frequency band
than it is to RF signals in the second frequency band.

12. The dual-polarized radiating element of any of
Claims 1 to 7 or the base station of claims 9 to 11,
wherein an average length of the widened sections
of the second dipole arm is less than an average
length of the widened sections of the first dipole arm.

13. The base station of any of Claims 9 to 12, wherein
the second dipole arm vertically overlaps one of the
radiating elements in the third linear array of radiating

elements.

14. The base station of any of Claims 9 to 13, wherein
the narrowed sections of the first dipole arm are con-
figured to create a high impedance for RF signals
that are in the second frequency band, and the nar-
rowed sections of the second dipole arm are config-
ured to create a high impedance for RF signals that
are in the third frequency band.
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